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(54) UQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve a view angle characteristic by 

making a value of local refractive index anisotropy in a plane parallel to a i33 
liquid crystal cell surface at a black displaying time smaller than that at a 
white displaying time, making a phase difference compensation element 
show the refractive index anisotropy and specifying refractive indexes in 
the directions along respective main axes of an orthogonal frame of 
referenced- .-^.:.;^V;:-...-: ^ . f-;; ^■:;v;.^_ v''.-^ • 

SbLLfTION: The phake^ d^ 103. 104 are 

provided between polarizing plates 1 01, 102 holding a liquid crystal cell 
105 between them and arranged in orthogonal Nicol and the liquid crystal 
cell 105. Then, the value of the local refractive index anisotropy in the 
plane parallel?to the liquid crystal cell 105 surface at the black displaying 
time is made smaller than that at the white displaying time. Further, the 
phase difference compensation elements 103, 104 show the refractive 
index anisotropy, and when the refractive indexes along respective main 
axes of the orthogonal frame of reference are defined nx>nz, and the main 
axis (z) is paralleled to the normal of the liquid crystal cell surface, and 
the main axes (x), (y) exist in the plane parallel to the liquid crystal cell 
surface, nz<(nx+ny)/2. and nx>ny. Thus, the deterioration in the view 
angle characteristic due to deviation from absorption axes is prevented, and an axial symmetry characteristic is 
obtained. C 
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* NOTICES * 

Japam Patent Office Is not responsible for any 
damages caused 1^ the us of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The liquid crystal cell which has the liquid crystal layer pinched by the substrate of a couple, and the 
polarizing plate of a couple with which the crossed Nicol has been arranged while pinching this liquid crystal cell, If it 
has the phase contrast compensation element prepared at least in one side between the polarizing plate of this couple, 
and this liquid crystal cell and is in this liquid crystal layer While the direction at the time of a black display has the 
value of the local refractive-index anisotropy within a field parallel to this Uquid crystal cell front face smaller than the 
time of a white display and the aforementioned phase contrast compensation element presents a refractive-index 
anisotropy When defining it as setting the refractive index of the direction in alignment with the main shaft x of a 
rectangular coordinate system XYZ, y, and the z-axis to nx, ny, and nz, and the main shaft z being parallel to the 
normal on this front face of a liquid crystal cell, and a main shaft x and y having it in a field parallel to this liquid 
crystal cell front face, The liquid crystal display which are nz< (nx+ny)/2 and nx>ny. 

[Claim 2] The liquid crystal display according to claim 1 which has the 1st and 2nd phase contrast compensation 
elements between the polarizing plate of the aforementioned couple, and the aforementioned Uquid crystal cell, 
respectively. 

[Claim 3] It is the liquid crystal display according to claim 1 or 2 whose phase contrast compensation films of another 
side one side of the phase contrast compensation films of two sheets arranged on one side of the aforementioned liquid 
crystal cell by the aforementioned phase contrast compensation element consisting of a phase contrast compensation 
film of two sheets, respectively is nx=ny and nz<nx, and are ny=nz and nx>ny. 

[Clairii 4] the refractive-index anisotropy of the above 1st and the 2nd phase contrast . compensation dement -t 
abbreviation - the same liqmd^ ^ 4 ^ 

[Claim 5] Any of claims 2-4 in which eacK'tnain shaft x of the above 1st and the 2nd phase contrast compensation 
elenient is carrying out the abbreviation rectangular cross mutually, or the liquid crystal display of a publication. 
[Claim 6] A liquid crystal display given in any of claims 1-5 whose angle with the shaft witih which each phase contrast 
compensation element and the main shaft x of the aforementioned phase contrast compensation element cross at right 
angles at the absorption shaft of the polarizing plate of the nearest neighbors to accomplish is **45 degrees they are. 
[Claim 7] The liquid crystal display in which the main shaft x of the aforementioned phase contrast compensation 
element carries out an abbreviation rectangular cross on the absorption shaft of the polarizing plate of the nearest 
neighbors at each phase contrast compensation element. 



[Translation done.] 



Page 1 of 11 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a Uquid crystal display. It is related with the 
liquid crystal display which has the wide-field-of-view angle property of being used suitable for the display which used 
flat-surface displays and the shutter effects, such as a personal computer, a word processor, an amusement device, and 
a TV apparatus, especially. 
[0002] 

[Description of the Prior Art] The method for which a liquid crystal molecule is made to exercise in general in parallel 
to a substrate front face as the technique of wide-field-of-view comification of a liquid crystal display, and movement 
of a liquid crystal molecule have the method which divides the orientation in one picture element into plurality to a 
substrate front face while it has been perpendicular, installation-performance-specification (In-Plane Switching) mode 
is mentioned as a former typical method. The wide-field-of-view angle liquid crystal display mode in which level 
orientation of the Np type liquid crystal (nematic-phase positive-type liquid crystal) was carried out to the shape of an 
axial symmetry as an example of the latter method (JP,7-120728,A), The wide-field-of-view angle liquid crystal 
display mode which carries out division orientation of the Nn type liquid crystal (nematic-phase negative-mold liquid 
crystal) which carried out perpendicular orientation by electric-field control at the time of operation (JP,7-28068, A), 
And the wide-field-of-view angle liquid crystal display mode which was indicated by AM-LCD'96 and p. 185 (1996) 
and to which abbreviation quadnsection was carried put and level orientation of the Np type liquid crystal was carried 
oiit within Ifei^^ 0 • 

:100G3]'^-'-^v^--^^ ^''^'''-''c'y^ . -(■'■'^ ■ ■ 

[Problem(s) to be Solved by tlie Invention] By the way, in the display mode which divides the orientation iii the picture 
element which is the latter method, generally, as shown in drawing 22 and drawing 23 , there was a problem that the 
angle-of- visibility property in the shaft orientations which bisect the absorption shaft 202 of an upper polarizing plate 
and the absorption shaft 203 of a lower polarizing plate which were established on both sides of die liquid crystal cell 
201 became remarkably bad as compared with the angle-of- visibility property of absorption shaft orientation. That is, 
if the spherical coordinate system which set to theta the angle of visibility which is the angle seen from the normal of 
the virtual flat surface 204 parallel to the liquid crystal cell for defining an angle of visibility as shown in drawing 22 
(a), and made Azimuth phi the angle from the absorption shaft 203 (you may be phi = 0 degree) of the lo>yer polarizing 
plate of a direction to see is defined and an angle-of-visibility property is evaluated, a ** contrast contour curve will 
become like the burve 301 which is not concerned with a display mode but is generally shown in That is, there was a 
problem tihat an angle of visibility became narrow as Azimuth phi shifted from the absorption shaft of a lower 
polarizing plate the top. In^^ddition, the curve 302 in drawin g 23 sho>ys a^ontrast contour curve, such as aiming at 
obkining in this invention. - : 

[0004] this invention is made that the technical problem of such conventional technology should be solved, cancels 
aggravation of the angle-of-visibility property accompanying the gap from an absorption shaft, and aims at offering the 
liquid crystial display which has the anglcrof-visibility property of an axial symmetry in general. 

[0005] P > : ^ ^ 

[Means for Solving tiie Problem] The liquid crystal cell which has the liquid crystal layer in which the liquid crystal 
display of this invention was pinched by the substrate pf a couple, The polarizing plate of a couple with which the 
crossed Nicol has been arranged while pinching this liquid crystal cell, If it has the phase contrast compensation 
element preiiared at led^t in one side between the polarizing plate of this couple, and this liquid crystal cell and is in 
this liquid ciystal layer ^While the direction at the time of a black display has the value of the local refractive-index 
anisptrppy within a field parallel to ifliis liquid crystal cell front face smaller tiian tiie time of a white display and tiiis 
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phase contrast compensation element presents a refractive-index anisotropy When defining it as setting the refractive 
index of the direction in alignment with the main shaft x of a rectangular coordinate system XYZ, y, and the z-axis to 
nx, ny, and nz, and the main shaft z being parallel to the normal on this front face of a liquid crystal cell, and a main 
shaft x and y having it in a field parallel to this liquid crystal cell front face, It is nz< (nx+ny)/2 and nx>ny, and the 
above-mentioned purpose is attained by that. 

[0006] Between the polarizing plate of the aforementioned couple, and the aforementioned liquid crystal cell, it is good 
also as composition which has the 1st and 2nd phase contrast compensation elements, respectively. 
[0007] One side of the phase contrast compensation films of two sheets arranged on one side of the aforementioned 
liquid crystal cell by the aforementioned phase contrast compensation element consisting of a phase contrast 
compensation film of two sheets, respectively is nx=ny and nz<nx, and the phase contrast compensation film of 
another side is good also as composition which is ny=nz and nx>ny. 

[0008] the refractive-index anisotropy of the above 1st and the 2nd phase contrast compensation element ~ 
abbreviation - it may be the same 

[0009] Each main shaft x of the above 1 st and the 2nd phase contrast compensation element may be carrying out the 
abbreviation rectangular cross mutually. 

[0010] The angle with the shaft with which each phase contrast compensation element and the main shaft x of the 
aforementioned phase contrast compensation element cross at right angles at the absorption shaft of the polarizing plate 
of the nearest neighbors to accomplish may be **45 degrees. 

[0011] The main shaft x of the aforementioned phase contrast compensation element is good for each phase contrast 
compensation element also as composition which carries out an abbreviation rectangular cross at the absorption shaft 
of the polarizing plate of the nearest neighbors. 
[0012] Below, it explains per operation of this invention. 

[0013] As this invention is shown in drawingi , the average refractive index within a field parallel to a liquid crystal 
display cell front face (nx, ny) is large compared with the refractive index (nz) of the thickness direction, and the phase 
contrast compensation element which has a refractive-index anisotropy (nx>ny) in a field is inserted between a liquid 
crystal cell and a polarizing plate. Then, aggravation of the angle-of-visibility property accompjanying the gap from the 
absorption shaft of a polarizing plate will be canceled. 

[0014] The conditions about the refractive index of the phase contrast compensation element used by this invention are 
nz< (nx+ny)/2 and two conditions which become nx>ny as they are shown in dra wi ng 1 . In addition, even if it is the 
case where a phase contrast compensation element is constituted from two or more phase contrast boards (or phase 
Goiifrast film), the two abovermentibiied shpuldjiistbe fulfilled as the whole ele^ 

drawingi ishov^ this invention^ arid 402 is the index ellipsoid 

[0015] Moreover, when a liquid cjyistai display performs a white display and a middle gradation display, the angle of 
the shaft of the refractive-index anisotropy witiiin a field and the absorption shaft of a polarizing plate to accorriplish 
can be adjusted from a viewpoint which optinwzes permeability change, coloring, etc. 
[0016] . ' ' ' ^ 

[Embodiments of the Invention] First, explaining the liquid crystal display of each gestalt avoids, and it performs 
comprehensive explanation. 

[0017] Conditions required for the Uquid crystal cell for which this invention is adapted are what "the direction at the 
time of a black display has { a thing ] the value of the local refractive-index anisotropy in a flat surface in general 
parallel to a liquid crystal cell front face (nariiely, field it is c6nsidiered ttiat is abbreviation same orientation when 
separation orientation of this liquid crystal layer is carried out) smaller^than the time of a white display" as they were 
mentioned above. That is, the liquid crystal cell for whiSh this invention is adapted can be approximated to a positive 
optically ^uniaxial phase contrast board, as shown in drawing 2 at thetimeiof a black display. Here, 501 is thelower 
substrate of a liquid crystal cell, 502 is the upper substrate, and 503 is an index ellipsoid shown on behalf of the 
refractiye-index anisotropy of the liquid crystal layer, at the time of a black display. 

[0018] in an actual liquid crysital cell, even if it is at the black display time in order to specify the orientation at the time 
of voltage impressjon, index ellipsoid representing a liqiiid crystal layer has; islome which incline from [ of a ' 
substrate ] a norni^l. For example, when 2 *s of orientation are carried out, as shown in drawing 3 , the major axis 
of the index ellipsoid of Field A and Field B inclines slightly from the normal on the front face of a substrate. Drawing 
3 shows the index eUijpsqid representiiig^ffie reifracti the tirnie of the black display of the liquid ^ 

crystal cell which divided the orientation of liquid crystal into two. In this drav^ih g 3 , 521 is Domain B and, for 
Domain A and 524, a low siibsfrate and 522 are [ an upper subsfrate and 523 / the index ellipsoid which shows the 
refractive-index anisotropy of a liquid crystal layer / in / Domain A / in 525 ], and 526 / index ellipsoids which show / 
the refractive-index anisotropy of the liquid crystal layer in Domain B asifor itlln such a case, the diflfereince with 
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approximation of drawing 2 is expanded in connection with the tilt angle becoming large, and the effect of the 
invention of this invention decreases. However, with the liquid crystal display generally used, it is a book. Although 
the below-mentioned example describes, generally a perpendicular orientation film and the liquid crystal display which 
consists of Nn type liquid crystal have the aforementioned small degree of tih angle compared with a level orientation 
film and the liquid crystal display which consists of Np type liquid crystal. That is, this invention demonstrates a bigger 
effect by applying to a perpendicular orientation film and the liquid crystal display which consists of Nn type liquid 
crystal. 

[0019] As explained above, it is common when [ all ], as for the essence of this invention, approximation of drawing 2 
is materialized in general by the liquid crystal cell at the time of a black display. Therefore, the phase contrast film 
which has an index ellipsoid equivalent to the index ellipsoid which represents with the following explanation the 
refractive-index anisotropy of the liquid crystal cell at the time of the black display shown in drawing 2 paying 
attention to the liquid crystal display at the time of a black display is used instead of a liquid crystal cell, and the 
content of this invention is explained, 

[0020] the composition of the liquid crystal display shown in drawing 4 - setting - a liquid crystal cell 105 - dLC and 
(nz-nx) =350nm - nx=ny - the equipment replaced with the positive optically xmiaxial phase contrast film was 
produced For an upper polarizing plate and 103, as for an upper phase contrast compensation element and 106, in 
drawing 4 , a lower phase contrast compensation element and 104 are [ 101 / a lower polarizing plate and 102 / the 
absorption shaft of a lower polarizing plate and 107 ] the absorption shafts of an upper polarizing plate. About 108 and 
109, it mrations later. 

[0021] If it observes changing a viewing angle (theta) along the direction which bisects the absorption shaft of a 
vertical polarizing plate for the equipment which sandwiched the positive optically uniaxial phase contrast film (the 
following phi= 45 degrees) with the polarizing plate arranged on the cross Nicolas prism as shown in drawing 5 A, 
permeability (it was defined as the transverse-plane permeability of only the polarizing plate which carried out parallel 
NicoFs prism arrangement of the 100% of the permeability drawing) will increase. Namely, optical leakage arises in 
the liquid crystal cell of a black display state at the time of the tropia. Consequentiy, contrast falls. 
[0022] Furthermore, as everyone knows, as shown in drawing 5 B, the aforementioned phenomenon can improve by 
using a negative optically uniaxial phase contrast film for the phase contrast compensation elements 103 and 104 
shown in drawin g 4 . Drawing 5 B is nx=ny>nz as phase contrast compensation elements 103 and 104. df- (nx-nz) (df 
is the thickness of a phase contrast compensation element) is changed to Onm - 280nm. It iS:phi= 45 degrees 
(absorptipn^haft cdentatioii^^^ side is made into phi- 0 degree), and phi= 

90 degreed (directipii Miches p^li^lOT ifitersects^^rpe^ absorption shiafl pf a \^erticM polarizing 

plate), aiid is the result of measuiihg the pernieability. in tiieta= 50 degrees (direction to which 50 degrees inclined fix)m 
the nonnal on the front face, of equipment of drawing4 ). The permeability of phi= 90 degrees was not based on the 
value of df (nx-nz), but was about 0%. On the other hand, the permeability of phi= 45 degrees decreases as the value of 
df (rix-nz) increases from 0, and it takes 2% of minimum values by'df(nx-nz) =175. So far, it is common knowledge. 
[0023] this invention - the above -- nx=ny>nz - a phase contrast compensation element - nx!=ny and (nx+ny)/2>nz - 
the minimum value in phi= 45 degrees is made still snialler than 2% by transposing to a phase contrast compensation 
element 

[0024] Drawing 5 C made each x axis iri agreernent [ the phase contrast compensation elements 103 and 104 ] with 108 • 
and 1 09. Considering as nx>nY and the phase contrast compensation element (equivalent to dra wing 1 ) which 
beconies (nx+ny) / 2>hz, aridiilaintaiimg df{(n^^ )/2-nz} =i75mn df (nx-ny) is changed to Onm - 38nm, and it is 
phi= 45 degrees an4 pM= 90 idegr^s, and^is the result of measuring tfie permeability in theta= 50 degrees. In addition, 

1 08 is a shaft in whibll ftie niaianamri refractive -index of a lower phase corittast compensation element is shown, and 

109 is a shaft in which'the'iM refractive index of an upper phase contrast compensation element is shown. 

[0025] llie permeability of pW^ 9d' (iegre based on the value of df (nx-ny), but was about 0%. On the other I; 

hand, the permeability of phi= 45 degrees decreased as the value of df (nx-ny) increased from 0, and it became 0.3% of 
minimum values by df(nx-riy) =20nni- 

[0026] That is, as cornpared 'with the casejSf well-kriowh^ optical leakage (phi= 90 degrees and tli^td=^0 • 

degt-ees) has bpen reduced to brie seventh by comiposition of this iriyention using the phase contrast compensation ' 
eldneht showri iri draiwing 1 . This effect is imriiediartely connected with the unprovement in contrast at the time of the V 
tropia, i.e., the improvemerit in an kigle-of^visibility property. Contrast is because it is proportional to the inverse ^ 
number of black level. > j^? ' ^ 

[0027] It was shown that the optical le^kajge at time of observing fi-om across can suppress remarkably towards 
bisecting the absorptiori shaft of^a yertic£il ;p^^^^^ plate especially by choosing the vdue of nx, ny, and nz 
appfopriately using the phase coritrast c6mp^^^^ elenieht which is techiiique [ technique of this invention ] 
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(nx+ny), i.e., nz<,/2, and becomes nx!=ny as shown above. This shows the improvement effect of the angle-of- 
visibiUty property of the contrast ratio in the direction which bisects the absorption shaft of a vertical polarizing plate 
simultaneously. 

[0028] Below, the concrete example of this invention is explained. 

[0029] (Example 1) The liquid crystal display of the example 1 of this invention was considered as the composition 
shown in drawing^_4 . 

[0030] The Hqiiid crystal cell 105 of drawing 4 is the wide-field-of-view angle liquid crystal display mode in which 
perpendicular orientation of the Nn type liquid crystal proposed [ person / invention-in-this-application ] was carried 
out to the shape of an axial symmetry, and is a liquid crystal cell shown in drawing 6 of a Japanese Patent Application 
No. / No. 341590 / eight to ] publication. The composition of this liquid crystal cell 105 is as follows. 
[0031] That is, on the substrate 62 by which the transparent electrode 63 (ITO:100nm) was formed in the front face, 
the photosensitive polyimide was used and the spacer 65 with a height of about 4.5 micrometers was formed outside 
the picture element field. After that, the heights 66 with a height of about 3 micrometers were formed by OMR83 
(Tokyo adaptation shrine make). The size of the field surrounded by heights 66 was set to 

lOOmicrometerxlOOmicrometer, and formed this three field in one picture element (100micrometerx300micrometer). 
Moreover the spin coat of JALS-204 (Japan Synthetic Rubber Co., Ltd. make) was carried out, and the perpendicular 
orientation layer 68 was formed. Furthermore, the perpendicular orientation layer (not shown) was formed using the 
material same also on the transparent electrode (it is flat) of another substrate. Both were stuck and the liquid crystal 
cell was completed. 

[0032] Into the produced liquid crystal cell, Nn type liquid crystal material (chiral material is mixed so that MJ95955 
by Merck Co. and cell gap 4.5micrometer may make 90 degree twist of left hands) was poured in, and voltage was 
impressed 7V. Immediately after voltage impression, when the orientation shaft of axial-symmetry orientation changed 
into the state where more than one exist and the voltage impression state was fiirther continued by the initial state, one 
axial-symmetry orientation field (monochrome domain) was formed for every field surrounded by heights 66. 
[0033] The phase contrast board (thickness df=50micrometer, df(nx-ny) =25nm, and df{(nx+ny )/2-nz} =130nm) 
produced by the biaxial-stretching method to such a liquid crystal cell has been arranged as shown in drawing 4 as 
phase contrast compensation elements 103 and 104. Furthermore, outside, polarizing plates 101 and 102 have been 
arranged so that it may be in a cross Nicol's prism state. 

[0034] The angle-of-visibility property of the permeability when indicating the liquid crystal display of this example 
by black in driver vpltageyoff=2y usin^ the ppticd propert^^me^ mstrument LCD 5000 niade from Otsuka ^ 
Electron -was tneasure^'^^^ pfopfefty of tiie pemeability a^ time of subsequent it ;white- 

display invdiiver vt)itage Von=5V was nieasured, it **(ed) with thfe penrieability of a black display of the permeabihty 
at tiid time of a white display fiirther, and the angle-of-visibility property of a contrast ratio was acquired, 
[0035] Drawing 7 is drawing showing contrast contour curves, such as tihe contrast ratio 50 based on the result. 
[0036] (Exknple 1 of comparison) The example of comparison corresponding to the example 1 of this invention is 
expilained below. 

[0037] In this example 1 of comparison, the thing of the same composition as the liquid crystal display shown in 
drawing 4 was used Uke the example 1. However, the phase contrast compensation element of a tabular used in this 
example 1 of comparison was set, to thickness df=50micrometer, dfi[nx-ny) =Onm, and df {(nx+ny )/2-nz} =1 30nm. 
[0038] DrawingiS is drawing showing contrast contour curves, such as the contrast ratio 50 which measured this liquid 
crystal display by the same tec^ique as^^^ ... 
[0039] (Example 2 of comparisori) The exaniple of comparison corresponding to the example 1 of this invention is 
explained below. 

[0040] In this exaniple 2^pf comparison, the^t^^ composition as the liquid crystal display shown in ^ ' 

drawing 4 was used like the example 1. However, thje phase contrast compensation element is not used in this example 
2 of cornparison. 

[0041] Drawing 9 is drawing showing contrast contour curves, such as the contrast ratio 50 which measured this liquid 
crystal display by the same techn^ue as ah example \ 

[0042] If dr awin g 7 , d rawing 8 , and drawin g 9 which were mentioned above are compared, at phi= 0 degree, JO 
degrees, 1 80 degrees, and 270 degrees, the contrast line, such as contrast 50, all shows the vdliie same in general|as 
theta= 55 degrees. However, a contrast contour curve, such as contrast (phi= 45 4egre€5s, 135 degrees, 225 degrees,:and 
3 15 degrees) 50, is theta= 53 degrees in genial iii drawing 7 of an example 1 as compared with being theta= 38 
degrees in general in drawin g 9 of the example 2 of cbinparison at dr aw ing 8 of theta^ 23 degrees aiid the example 1 of 
comparison. . , . / 

[0043] If It collects above, in thfe examples 1 arid 2 of comparison, ^and the extoiple'l, the angle-of-visibility^ 
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in phi= 0 degree, 90 degrees, 180 degrees, and 270 degrees is the same and good in general. However, at phi= 45 
degrees, 135 degrees, 225 degrees, and 315 degrees, the angle-of- visibility property of the liquid crystal display of the 
example 2 of comparison is remarkably inferior. The fixed improvement accomplished the liquid crystal display of the 
example 1 of comparison to this. Furthermore, m the example 1, this has been improved nearly completely and the 
angle-of-visibility property of phi= 45 degrees, 135 degrees, 225 degrees, and 315 degrees was expanded to the grade 
almost equal to the viewing-angle property of phi= 0 degree, 90 degrees, 180 degrees, and 270 degrees. That is, in the 
example 1 , the good angle-of-visibility property was acquired nearly completely isotropic. 
[0044] Moreover, in the example 1, as a phase contrast compensation element, althou^ it used one sheet at a time 
respectively the phase contrast film (thickness df=50micrometer, df(nx-ny) =25nm, and df{(nx+ny )/2-nz} =130nm), 
as long as this invention shows a property equivalent as a phase contrast compensation element, without being limited 
to this in any way, you may use it combining two or more phase contrast films or liquid crystal cells etc. 
[0045] In (an example 2) and time, the example 1 showed only the case where a liquid crystal cell was inserted with 
the phase contrast film (phase contrast compensation element) of two sheets which becomes 25nm and df(nx-ny) =df 
{(nx+ny )/2-nz} =130nm. At this time, each phase contrast compensation element was examination only in the case of 
having arranged the x axis so that it may intersect perpendicularly with the absorption shaft of the polarizing plate of 
the nearest neighbors, 

[0046] Then, in this example 2, the range fi-om which the effect of this invention is created by making it change 
independently respectively about the value of df {(nx+ny )/2-nz} , the value of df (nx-ny), and the angle of the 
absorption shaft of a polarizing plate and the x axis of a phase contrast board to make was estimated. However, in this 
example 2, instead of using the phase contrast fihn with which the values of nx, ny, and all nz(es) differ, as shown in 
drawing 10 , the phase contrast compensation element which combined the 1st phase contirast fihn of nx=ny>nz and 
die 2nd phase contrast film of nx>ny=nz was used. 

[0047] In drawing 10 a lower polarizing plate and A102 AlOl In addition, an upper polarizing plate. The 1st lower 
phase contrast film (nx=ny>nz) and A104 A103 The 1st upper phase contrast film (nx=ny>nz). The 2nd lower phase 
contrast film (nx>ny=nz) and A 106 A 105 The 2nd upper phase conti-ast fihn (nx>ny=nz). For a liquid crystal cell and 
A108, as for the absorption shaft of an upper polarizing plate, and Al 10, the absorption shaft of a lower polarizing 
plate and A109 are [ A107 / the x axis of the 2nd lower phase contirast fihn A105 and All 1 ] the x axes of the 2nd 
uppffl" phase contrast film A 106. 

[0048] Here, having used the phase contrast compensation element is based on the following two reasons. 

(a>Book:': '•■ ■■-"■-:^:■^:x'' /■■'■;^:^•^ ■ '.'S.. -j^ ' ■■z}^:- ; . 

(bylt'ilbecaus^ it is shpvtothat^ti^ of tiiis inyentioii can be ;c^^ also by^the j^ase cbiitirast coinpejnsatown 
element which combined two or more phase contrast films. 

[0Q49] arrangement like [change of df(nx-nz)}] drawing 10 ~ setting (however, where the 2nd phase contrast,film 
Ar()5 and A106 being removed) ~nx=ny>nz ~ df (nx-nz) value of the 1st phase conti^st fihn of thickness df was 
changed to 20irai - 400nni^iind the conti-ast property of the direction of slant was measured by the same system of 
measurement as an example 1 Here, the durections of slant are theta= 50 degrees, phi= 0 degree, 45 degrees, 90 
degrees, 135 degrees, 180 degrees, 225 degrees, 270 degrees, and 315 degrees in drawing 22 which deifined the angle 
of visibility. 

[0050] Drawing U is drawing , showing the tesult of measurement. 

[OQS r i At phi= Qidegree^ 9^ and 270 degrees, it is not based on df (nx-nz) vahie, but the good, 

aliriost fixed cOnttast value is showh so that I may be understood by tins drawing 11 . On the otiier hand, at phi= 45 
degrees, 135 degrees, 225 degrees, and 315 degrees, when the value of df (nx-nz) was about 140nm, the greatest., 
conti;ast was acquired. In addition, also except tiie aforementioned optimum value, tiiere was an effect of the 
impfOvemeiit mcpnte-ast inlo nm<df(nx-nz) <250nm, and also the effect was remarkable in the range which js 90 • . 
nm<df(nx-ilzf<19bnni asshownin dy^^ ' '., ^ 

[0052],As,everyone knows, "ffie relative value to dLC and ** n value of tiie liquid crystal cell compensated (product-of 
Cell thick dLC: and *.?*n (=|ne-no|) of the used liquid crystal) should discuss the retardation value {df (nx-riz)} of a • 
phase conti-ast compfensation eleriient; this example 2 also foliows the idea. Since **n of the liqyid crystal (1VIJ95.955 
by Merck Co.) used by tiiis exampje 2 is Q.O cell ** is 4.5 micrometers in general, dLC md **n of aliquid 
crystal cell are 347rim. tiieTefore, 40% of case can expect in general tiie effect tiiat it is for 25% - 55% that tiie 
retardatioii value {=df(iix-r^) } of a phase conti-ast compensation element is between 0% - 72% of dLC and * * n value 
of a liquid crystal cell, and a remarkable! effect is acquired, and tiie range firom which tiie effect of tiiis invention.is , 
acquired is the maximiini r % ^ 

[0053]5What is necessary is to be the case where the phase contrast compensation element has beeii arranged on^botii 
sides of .a liquici crS'stol cellj-'jmd jiist.to^ double precision of each aforementioned value 
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respectively in this example 2, when it has arranged to single-sided one side, in this case, in the range from which the 
effect of this invention is acquired, it becomes 80% that the effect that it is for 50% - 110% that the retardation value 
{df (nx-nz)} of a phase contrast compensation element is between 0% - 144% of dLC and ** n value of a liquid crystal 
cell, and a remarkable effect is acquired, and it is the maximum is expectable in general 

[0054] Although the phase contrast film of two sheets constituted each of a phase contrast compensation element from 
this example 2, a phase contrast compensation element may consist of things other than the phase contrast film of three 
or more sheets, or a film, for example, a liquid crystal cell, a mesomorphism poly membrane, etc. 
[0055] [(df (nx-ny) value of the 2nd phase contrast film of the thickness df it is thin nx>ny=nz was changed to Onm - 
50nm by change] of df (nx-ny), next arrangement of drnwing 10 , and the contrast property of the direction of slant was 
measured by the same system of measurement as an example 1.) However, the 1st phase contrast film was set to df(nx- 
nz) =140nm. Here, the directions of slant are theta= 50 degrees, phi= 0 degree, 45 degrees, 90 degrees, 135 degrees, 
180 degrees, 225 degrees, 270'degrees, and 315 degrees in drawing 22 which defined the angle of visibiUty. 
[0056] Drawing 12 is drawing showing the result of the measurement. 

[0057] At phi= 0 degree, 90 degrees, 180 degrees, and 270 degrees, it is not based on df (nx-ny) value, but the good, 
almost fixed contrast value is acquired so that I may be understood by this drawing 12 . On the other hand, at phi= 45 
degrees, 135 degrees, 225 degrees, and 315 degrees, when the value of df (nx-ny) was about 22.5nm, the greatest 
contrast was acquired. In addition, also except the optimxmi value of 22.5nm, there was an effect of the improvement in 
contrast in 2.5 nm<df(nx-ny) <45imi, and also the effect was remarkable in the range which is 10 nm<df(nx-ny) 
<35nm as shown in drawing 12 . 

[0058] Here, the relative value to dLC and ** n value of the liquid crystal cell compensated (in the case of this example 
dLCand** n= 347nm) discusses the retardation value {df (nx-ny)} of a phase contrast compensation element, 
[0059] 6.5% of case can expect in general the effect that it is for 2% - 10% that the retardation value {df (nx-ny)} of a 
phase contrast compensation element is between 0% - 13% of dLC and ** n value of a liquid crystal cell, and a 
remarkable effect is acquired, and the range from which the effect of this invention is acquired is the maximum 
[0060] The x axis of the phase contrast compensation element arranged to the upper and lower sides of a liquid crystal 
cell is made to have intersected perpendicularly in general in the [angle which x-axis (shaft in which maximum 
refractive index is shown in field) shaft of vertical phase contrast compensation element accomplishes] this invention. 
The reasbn is for avoiding tiie fall of the contrast when seeing a liquid crystal display from a transverse plane. If the x 
axis of the phase contrast compensation element of two sheets does not lie at right angles, since the phase contrast 
. withm a field arises wit^^^^ contrast cpmpfensation element, it is because it can guess easily that a good 

blade disjrtay^i^^ ' v . ; 

[006 1] In the example 1 \^M<^ ciamG^ of angle which arrangement [ of a phase contrast compensation 

element ], and x-axis and absorption shaft of polarizing plate accomplish] above-mentioned, the x axis (shaft in which 
the maximurii refractive index is shown) oftthe phase contrast compensation element arranged to the upper and lower 
sides of a liquid crystal cell was arranged at the rectangular cross on the absorption shaft of the polarizing plate which 
carried out the nearest neighbors to it. In this examiple 2, the gap of the orthogonality relation of a x axis and the 
absorption shaft of the polarizing plate of the nearest neighbors and the relation of the effect of this invention were 
investigated. . 

[0062] The phase contrast film which specifically fiilfiUs the conditions of df(nx-nz) =140nm and ny=nx (1st phase 
contrast film), df(nx-ny) ==22.5nni and ttie phase contrast film (2nd phase contrast film) which fiilfills the conditions of 
nz=n>^ Maintaining the iprthogonality^^re^ x shafts each of the 2nd phase contrast film which carried out tiie 

laminating like drawing 10 aiid which was allotted up and down (shaft parallel to the maximum refractive index in a 
field) the .angle alpha of the x axis of the 2nd phase contrast film and the absorption shaft of the polarizing plate^of the 
nearest neighbors (refer^tb draiwing'i-3 ) to acconiplish was changed in 0 degree <- alpha< 1 80 degrees by having made 
clockwise rotation positive, jand the contrast.property of the direction of slant was measured by the same system of 
measurement as £in'example 1 . Here, the directions of slant are theta= 50 degrees, phi= 0 degree, 45 degrees, 90 
degrees, 135 degrees, 180 degrees, 22S degree3i. 270 degrees, and 315 degrees in drawing 22 which defined the angle 
of visibilit)^' 'rr'^''\'''' r "'V / ■ '\ ' ' \ 

[6q63] Draw ing 14 is drawing showing a measureiment result. 

[0064] Althougji phi= 0 degree, 90 degrees^ 1 80 degrees, and 270 degrees of maximums are taken by threie points, 
alpha= 0 degreb, 90 degrees, and 180^ d^^ when based on this drawing 14 , phi= 45 degrees, 135 degrees, 225 
degrees, and 3 1 5 degrees take maximum only by the arrangement with which it is only alpha= 90 degrees, namely, the 
absorption shaft of a nearest-neighbors polarizing plate and the x axis of a phase contrast compensation element'tr^^ 
at rigjit angles.";- ^: =: - 

[0065] thenefore, in order to acquire thi effect of this invention to the maximum extent, it is a tiine of the shaft nx in; 
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which the maximum refractive index in the field of alpha= 90 degrees, i.e., a phase contrast compensation element, is 
shown, and the absorption shaft of the polarizing plate of the nearest neighbors crossing at right angles at it Moreover, 
according to dmwingl4 , it is at the time of 45 degrees < alpha< 135 degrees, i.e., the aforementioned book. 
Furthermore, by the case where 23 degrees shifts to a clockwise rotation and a coxmterclockwise rotation, the 
remarkable effect was acquired from the arrangement from which the maximum effect of the time of 67 degrees < 
alpha< 113 degrees, i.e., the aforementioned this invention, is acquired. 

[0066] Although the thing of composition of being shown in drawing 6 as liquid crystal display mode was used in the 
examples 1 and 2, the liquid crystal display mode which can apply this invention is not limited to this at all. That is, as 
long as it is the liquid crystal cell which fiilfiUs conditions according to claim 1, the liquid crystal cell using what 
display mode is sufficient. 

[0067] (Example 3) It was an example at the time of being adapted in the phase contrast compensation technology of 
this invention to the typical liquid crystal display mode to which division orientation of the Nn type Uquid crystal 
which carried out perpendicular orientation in the examples 1 and 2 mentioned above was carried out. In this example 
3 and the below-mentioned example 4, it is adapted in the phase contrast compensation technology of this invention to 
the typical liquid crystal display mode to which division orientation of the Np type liquid crystal which carried out 
level orientation was carried out. 

[0068] It is the same as that of what also shows the composition of the liquid crystal display of this example 3 to 
drawin g 4 . 

[0069] The liquid crystal cell of drawing 4 is the thing in wide-field-of-view angle liquid crystal display mode which 
carried out level orientation of the Np type liquid crystal proposed [ person / invention-in-this-application ] to the shape 
of an axial symmetry. It will be as follows if an example of the method of producing the liquid crystal cell is given. Of 
course, the producing method is not limited to this. 

[0070] The manufacture method of the liquid crystal display of this example is explained referring to above-mentioned 
drawing 6 . 

[0071] On the substrate 62 by which the transparent electrode 63 (lOOnm of ITO- thickness) was formed in the front 
face, the photosensitive polyimide was used and the spacer 65 with a height of about 4.5 micrometers was formed 
outside the picture element field. The heights 66 with a height of about 3 micrometers were formed by OMR83 (Tokyo 
adaptation make) after that. The size of the field surrounded by heights 66, i.e., a picture element field, was made into 
lOOmicrometer**. The perpendicular orientation layer 68 is not formed. 

[0072:] Tims; k stuck with the subsfti-a^^ electrode ] ;which;is anotiier 

substi^efi&utthe^fo ' . • 

[0073] Into the produced liquid^ the mixture which mixed MS90847 (Merck Co. make : S811 0.4-% of the 

weight ****)3.74g and 0.025g of optical initiators Irgaeure651 as p-phenyl styrene O.lg and a hquid crystal material 
as R-684 (Nippon Kayaku make) O.lg and a photopolymerization inhibitor as a photoresist was poured in. 
[0074] Then; the liquid crystal cell was heated at 110 degrees C more than the clearing point temperature of liquid 
crystal, and was held for 1 hour. Then, it cooled slowly to the room temperature by 0.1 degrees C/min. Vbhage 
impression was stopped and annealing was resumed, after having observed the transparent phase and the un- 
transparent phase in the picture element, and having stopped annealing, having impressed the square wave of about 2.5 
Vrms(es) to the liquid crystal cell intermittently in the middle of annealing, when the area of a fransparent phase and an 
un-transparent phase became almost the same, and acquiring taking up and down and good axial-symmetry orientation 
for the temperature of a cell appropriately. Axial-synimetiy orientation was fixed by; irradiating ultraviolet rays and 
finally, stiffening a photoresist R-684^ and production of a liquid crystal cell was completed. 

[0075] The phase, contrast films 103 and 104 as a phase contrast compensation element (thickness df=50micrometer, df 
(nx-riy) =25mn, and df {(nkn-ny )/2-nz} =1 3 Onm) produced by tiie biaxial^stretching method to this Uquid crystal cell 
have been OTangeci like d . Furthermore, polarizing plates 101 and 102 have been arranged on the outside, and 

the liquid crystal display was completed. ' 

[0076] The angle-of-visibility p^^ oif tiie permeability when indicating the liquid crystal display of this example 3 
by black inlriver voltage yqiPr7.3 V using the-optical property measuring instrumerit;LCD 5000 made fi-oin OtsiJca 
Electron was measured, the angle-6f-Visibility property of the permeability at the tinie of subsequentiy making it white- 
display ih.dri\rer voltage Yo^^^.3V was me it **(ed) with the permeability of a black display of die 
permeabiiity at the tune of a white display further^ and tlie angle-of-visibility property • of a contrast ratio was acquired. 
[0077] Drawing 15 is drawing!showing contrast contour curves, such as a contrast ratio 5, based on t^e result. 
[0078] (Example 3 of comparisoh) The example 3 of comparison corresponding to the example 3 of this invention is 
explained below. " .v; 

[0079] In this example 3 of (comparison, the thing of the composition of the hquid crystal display shpwn in drawing_4 
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was used like the example 3. However, the phase contrast board used in this example 3 of comparison was set to 
thickness df=50micrometer, df(nx-ny) =Onm, and df{(nx+ny )/2-nz} =130nm. 

[0080] Drawing 16 is drawing showing contrast contour curves, such as the contrast ratio 5 which measured this liquid 
crystal display by the same technique as an example 1 , 

[0081] (Example 4 of comparison) The example 4 of comparison corresponding to the example 3 of this invention is 
explained below. 

[0082] In this example 4 of comparison, the thing of the composition of the liquid crystal display shown in drawing 4 
was used like the example 3. However, the phase contrast compensation element is not used in this example 4 of 
comparison. 

[0083] Drawing 17 is drawing showing contrast contour curves, such as the contrast ratio 5 which measured this liquid 
crystal display by the same technique as an example 1 . 

[0084] If drawing 15 , drawing 16 , and drawing 17 </A> which were mentioned above are compared, at phi= 0 
degree, 90 degrees, 180 degrees, and 270 degrees, the contrast line, such as contrast 5, all shows the value same in 
general as theta= 60 degrees. However, a contrast contour curve, such as contrast (phi= 135 degrees and 315 degrees) 
5, is theta= 55 degrees in general in drawing 15 of an example 3 as compared with being theta= 48 degrees in general 
in drawing 17 of the example 4 of comparison at drawing 16 of theta= 38 degrees and the example 3 of comparison. 
[0085] If it collects above, in the examples 3 and 4 of comparison, and the example 3, the angle-of-visibility property 
in phi= 0 degree, 90 degrees, 180 degrees, and 270 degrees is the same and good in general. However, at phi= 135 
degrees and 315 degrees, the angle-of-visibility property of the Uquid crystal display of the example 4 of comparison is 
inferior. The fixed improvement accomplished tfie liquid crystal display of the example 3 of comparison to this. 
Furthermore, in the example 3, this has been improved nearly completely and the angle-of-visibility property of phi== 
135 degrees and 315 degrees was expanded to phi= 0 degree, 90 degrees, 180 degrees, and the grade with almost equal 
270 degrees. That is, in the example 3, the good angle-of-visibility property was acquired nearly completely isotropic. 
[0086] Although the phase contrast film of two sheets constituted the phase contrast compensation element fi-om this 
example, you may constitute fi-om things other than the fihn or fihn of two or more sheets, for example, a liquid crystal 
cell, a mesomorphism poly membrane, etc. 

[0087] (The example 4) and the example 3 mentioned above in time showed only the case where a liquid crystal cell 
was inserted with the phase contrast film of two sheets which becomes 25nm and df(nx-ny) =df{(nx+ny )/2-nz} 
=130nm. At this time, each phase contrast board was examination only in the case of having arranged the x axis so that 
Jtmaylnt^^ 

[00^$} Then; ih this oxsax^ fipm which the efifect of &is invention is created by making it change'' 

independently respectively about the valiae of df {(nx+ny y2-iiz}, the value of df(nx-ny), aild'tlie angle of thfe ' 
absorption shaft of a polarizing plate and the x axis of a phase contrast board to accomplish was estimated. However ^ 
in this example 4, the phase contrast compensation element which combined the 1 st phase contrast film of hx=ny>nz 
and the 2nd ^hase contrast film of nx>nyFnz like drawing 10 has been arranged instead of using the phase contrast 'film 
with which iall the values of nx, ny, and nz differ. The method of arrangement is the same as that of the case of an 
exaniple2. 

[0089] Here, having used this phase contrast compensation element is based on the following two reasons. 

(a) Book 

(b) It is because it is shown that the effect of this invention can be created also by the phase contrast compensation 
element which combined two or more phase contrast films. 

[0090] In arrangement like [change of df (nx-nz)] drawing 10 , df (nx-nz) value of the phase' contrast film of the 
thickness df it is thin nx=ny>hz was changed to 20nm -^400nm, and the contrast property of the direction of slant was 
'measuiied by same system of nieasiirement'a^ an exam 1. Here, the directions of slant are theta= 50 dfgrebs^ .; 
phi= bjde^ee, 45 degrees, 90 degrees, 135 degrees, 180 degrees, 225 degrees, '276 degrees, and 315 degrees in 
drawing 22 which defined tlie angle of visibility. ' 
[0091] Drawing 18 is drawing showing the result of measurement. 

[0092] In drawing 18 . at phi= 0 degree, gO de^^ 180 degrees, and 270 degrees, it is not based on df (nx-nz) value, 
but the good, almost fixed contrast value rs shown. On the other hand, at phi= 45 degrees, 135 degrjees, 225 degrees, 
and 315 degrees, when the yalue of df (lut-nz) was about ISOnih, the greatest contrast was acquired, In addition, in 20 
nm^df(hx-nz) <300nm, there was an effect of the improvenient in contrast also except the afofemehtioned optimum 
value, and also the effect was remarkable in the range which is 70 nm<df(nx-nz) <230nm as shown in drawingAS . 
[0093] As everyone knows, the relative value to dLC and ** n value of the liquid crystal cell compensated (product of 
Cell ihick dLC and **n (=|ne-no|) of the used liquid crystal) should discuss tiie retardation value {df (nx-nz)} of a 
phase contrast compensation element, this example also follows the idea. It follows, since * *n of the liquid crystal : 
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(MS90847 by Merck Co.) used by this example is 0.096 and cell ** is 4.5 micrometers in general, dLC and **n of a 
liquid crystal cell are 432nm - 35% of case can expect in general the effect that it is 16% - 54% that the retardation 
value {df (nx-nz)} of a phase contrast compensation element of the range from which the effect of this invention is 
acquired is between 5% - 69% of dLC and ** n value of a liquid crystal cell, and a remarkable effect is acquired, and it 
is the maximum 

[0094] What is necessary is to be the case where the phase contrast compensation element has been arranged on both 
sides of a liquid crystal cell, and just to carry out abbreviation double precision of each aforementioned value 
respectively in this example, when it has arranged in one of the two. ttierefore, it becomes 70% that the effect that it is 
for 32% - 108% that the retardation value {=df (nx-nz)} of a phase contrast compensation element of the range from 
which the effect of this invention is acquired is between 10% - 138% of dLC and ** n value of a liquid crystal cell, and 
a remarkable effect is acquired, and it is the maximum is expectable in general 

[0095] [change of df (nx-ny)], next arrangement of drawing 10 - nx>ny=nz - df (nx-ny) value of the phase contrast 
films A105 and A106 of thickness df was changed to Snm - 50nm, and the contrast property of the direction of slant 
was measured by the same system of measurement as an example 1 However, the phase contrast films A 103 and A 104 
are df(nx-nz) =150nm. Here, the directions of slant are theta= 50 degrees, phi= 0 degree, 45 degrees, 90 degrees, 135 
degrees, 1 80 degrees, 225 degrees, 270 degrees, and 3 1 5 degrees in drawing 22 which defined the angle of visibility. 
[0096] Dramng 1 9 is drawing showing the result of measurement. 

[0097] According to drawing 19 , at phi= 0 degree, 90 degrees, 1 80 degrees, and 270 degrees, it is not based on df (nx- 
ny) value, but the good, almost fixed contrast value is acquired. On the other hand, at phi= 45 degrees, 135 degrees, 
225 degrees, and 3 1 5 degrees, a big difference is in df (nx-ny) value which gives the maximum contrast in phi= 45 
degrees, 225 degrees, phi= 135 degrees, and 315 degrees. However, change of the contrast of both the groups to df (nx- 
ny) value . change is broadcloth, and when both contrast is in agreement (this is also one of the effects of this invention) 
(i.e., even when an angle-of- visibility property becbines concentric circle-like more), the effect of contrast expansion is 
fully acquired. The value of df (nx-ny) at this time was 24nm, and the effect of this invention was the maximum at this 
time. In addition, in 3 nm<df(nx-ny) <48nm, there was an effect of this invention also except the optimum value of 
24nm, and the effect was still more remarkable in the range which is 12 nm<df(nx-ny) <36nm as shown in drawing 
19. - ' , 

[0098] Here, the relative value to dLC and ** n value of the liquid crystal cell compensated (dLC and **n=432nm in 
the case of this example) discusses the retardation value {df (nx-ny)} of a phase contrast compensation element. 5.5% 
of cfiSexan^ for 2% ^ 9% that the retardation value {df (mc^ny)} of a phase contra^^ ^ 

coiripensation jdeineait p^^^^ rarig^^fipm effik^^f M eu^qmred 15^ between 0% - 12% of dLC -and^ 

* * h value of a liquid cty^^ 

[0099] The x axis of the phase contrast coinpensation element arranged to the upper and lower sides of a liquid crystal \ 
cell is made to have intersected perp in general in the [angle which x axis (shaft in which maximum 

r^fractiv^ index is sho^n in field) 6f yeirticalphase contrast compensation element accomplishes] this invention. The 
reason is for avoiding the fall of the contrast when seeing a liquid crystal display element from a transverse plane. If 
the X axis of the phase contrast compensation element of two sheets does not lie at right angles, since the phase contrast 
within a field arises with the whole phase contrast compensation element, it is because it can guess easily that a good 
black display is not obtained but contrast falls. 

[0100] The ^absorption shaft of tlie ppl^z^ plate which carried out the nearest neighbors to it, and the x axis (shaft in 
which the maximum refractive index is shown) of the phase contrast compensation element arranged to the- upper and 
lower sides of a liquid crystal cell were made to have crossed at right angles in the example 3 which carried oU$ 
[change of angle which arrangement [ of a phase contrast compensation elementj, and x-axis and absorption shaft of 
polarizing plate accomplishjj above-men^ 4, the gap of ti[ie orthogonality relation of a'x axis and - ^ 

the absorption shaft of the polmzing p;late of t nearest neighbors and the relation of the effect of this invention were 
investigated.' 

[0101] The phase contrast film which specifically fulfills the conditions of df(nz-nx) =150nm and ny=nx, Maintaining 
the orthogonality relation of the x axis (shaft p^ to Ae in^imi^ refractive index in a field) of the phase contrast ^ . 
coinpensation element which carried out tile leimihating of the phase contrast film of two sheets with df(nx-ny) =24nm 
arid' the phase contrast film which M the conditions of ;nz=^iiy like drawing 10 The angle alpha of the x axis of a ^ 
phase contrast compensation element mid th^ absorption shaft of the polkizing plate of the nearest neighbors (refer tb : 
drawing 13 ) to accompUsh was changed in 0 degree <= alpha< 1 80 degrees by having made clockwise rotation 
positive, and the contrast property of the idii^ectipn of slant was measured by the same system of measwement as an ; \ . ; 
example'l. Here, the directions of slMt are phi= O degree, 45 degrees, 90 degrees, 135 degrees, 180 

degrees, 225 degrees, 270 degr^fes^ an|315 degr^ ill (drawin g 22 whicbdefined the £mgiex>f visM^ ; ^ 
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[0102] Drawing 20 is drawing showing a measurement result. 

[0103] According to drawing 20 , the value of alpha which gives the greatest contrast to all phi does not exist. 
However, it is that an angle-of-visibility property can be expanded symmetrically at the time in the arrangement with 
which the absorption shaft of a nearest-neighbors polarizing plate and the x axis of alpha= 90 degrees, i.e., a phase 
contrast compensation element, cross at right angles, therefore, it is a time of the shaft nx in which the maximum 
refractive index in the field of alpha= 90 degrees, i.e., a phase contrast compensation element, is shown in order to 
acquire the effect of this invention to the maximum extent, and the absorption shaft of the polarizing plate of the 
nearest neighbors crossing at right angles at it Moreover, according to drawing 20 , it is at the time of 45 degrees < 
alpha< 135 degrees, i.e., the aforementioned book. Furthermore, by the case where 23 degrees shifts to a clockwise 
rotation and a counterclockwise rotation, the remarkable effect was acquired from the arrangement from which the 
maximum effect of the time of 67 degrees < alpha< 113 degrees, i.e., the aforementioned this invention, is acquired. 
[0104] Although the display mode with which orientation is changing to the abbreviation continuation target as the 
liquid crystal cell, i.e., the liquid crystal display mode, of the composition of drawing 6 (orientation division was 
carried out continuously) was used in the examples 1-4 mentioned above, as mentioned above, the scope of this 
invention is not limited to this at all. 

[0105] Improving the angle-of-visibility property in the direction which shifted from the absorption shaft of a 
polarizing plate 45 degrees by this invention used the display mode with which orientation is changing to the 
abbreviation continuation target by this example, and it is becaxise an isotropic angle-of-visibility property is acquired. 
[0106] An example of the director distribution in a picture element when seeing the liquid crystal display in the 
division orientation of two division, quadrisection, and continuation division from a transverse plane to drawing 21 is 
shown, (a-1) is the case where (c-2) performs a black display by continuation orientation, when performing a white 
display by 2 division orientation, (a-2) performs a black display by 2 division orientation, (b-1) performs a white 
display by quadrisection orientation, (b-2) performs a black display by quadrisection orientation, and (c-1) performs a 
white display by continuation orientation. The dashed line in these drawings shows each domain boxmdary by division 
orientation. Moreover, the arrow in drawing shows the director of a liquid crystal molecule by making the rising 
direction of the liquid crystal molecule in the interlayer of a liquid crystal cell into when, as shown in 4rawing.21 (d). 
[0107] When orientation is changing continuously so that I may be understood from this drawing 21 (orientation 
division was carried out continuously), a thing without this boundary line is the feature. In addition, in drawing 21 , 
division nothing, trichotomy, five division, six division, seven division, etc. are considered. Moreover, various twist 
angles CMi betaken respectiyety^^ ' ^^^-^ " A^O-^ ■„ /. . 

[0 108] IVfore^ the right cbliii^ the director distributii^ pftKe bl^dk^splay which it was got . 

blocked (^-2) ai^ shown in (b-2yimd (6^^^ thafthis inveiitioh is not based on a display mode (the 

division method). That is, in a black display, it is not based on the division method, but the director is the same. 
Strictly, the profiles of the thickness-of-liquid^-crystal-cell direction differ. That the property of examples 1 and 2 using 
the perpendicular orientation of Nn type liquid crystal is excellent as compared with the property of examples 3 and 4 
usiiig the level'orientation of Np type liquid crystal originates in the difference in the profile of the cell thick direction. 
The difference in this profile is explained below concretely. 

[0109] When Nn type liquid crystal is used, even if it puts on which position of the cell thick direction at the time of a 
black display (also setting to any near a vertical substrate and near the center of cell **), the liquid crystal molecule is 
carrying out orientation of the molecule major axis perpendicularly to the substrate front face. On the other hand, 
although die liquid crystal molecule near the center of cell ** is carrying out orientatiph of the molecule major axis 
perpendiculariy to the substrate front face sit the time of a black display when Np type liquid crystal is used, orientation 
is carried out to abbreviation parallel to a perpendicular shell' gap substrate front face as a vertical substrate is 
appn)ached; The difference: in thi^above-riientioh^ says^e (hfference in tW state. This orientati 

state is.different, and it originates; and in order that the liquid crystal cell using Nn type liquid crystal may present the 
ideal refractive-index anisofrojpy represented witli the index ellipsoid shown in c^aAving2 as cofhpared with the liquid 
crystal cell which used Np type liquid crystal, the angle-of-visibility prope^ of the Hquid crystal display of examples 
r jahd;2 is superior to the angle--<5f- visibility property of examples 3 and 4. 

[01 10] Book That is, rather than the tinie of a white display, as long as the value of the local refractive-index 
anisbtropy in a.flat surface in general parallel to a liquid crystal cell front face is the liquid crystal cell to which the 
direction at the time of a black di^lay becomes small^ it may use the liquid crystal cell using what display mode. 
[01 1 1] Although reference is not made at all about the drive method of a liquid crystal display in the example of this 
invention, it cannot be overemphasized that tiiis invention can be adapted for any drive methods, such as an active 
matrix drive which used a jpassive.matrix drive, TFT, etc., and a plasma address drive (PALC) using plasma electric 
•- discharge.' r 
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[0112] 

[Effect of the Invention] since it is possible to offer the Hquid crystal display which cancels aggravation of the angle- 
of-visibility property accompanying the gap from an absorption shaft, and has the angle-of- visibility property of an 
axial synraietry in general when being based on this invention, as explained in full detail above - an angle of visibility 
-- remarkable - expandable - and this property an omnidirection - crossing abbreviation - isotropic - making 
things become possible 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused Toy the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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Ifr^^nx. ny, n z ^ L3t$ft z fll^iSf0-fe/U^®<D 

Id i-* 6 ^ ^^-t" ^ t > 
nz< (nx + ny) /2. nx>nyX*&6. 

(c. ^n^'n^i^^i:t^^2cDfi[tiSffl«mT-^w-r 
6. lij^^ 1 tciaStio^ss^^iSBo 20 

J^0^O^<O—:fj\t. n x = n y J-On z < n x-C*)t). 
^oflfe^(^ffiffi^ffl«^ ^ n y = n z J.O n X > 

nyX-*>S. H3R:^l^fcli2lC|5it<;)?^fBa7j^3^®o 

(f»?*^^ 5 1 1 *3 J: U^IS 2 30 

^f^^i-:ftjS/6S±4 5° T-fc-S. i;d^^ 5 (OiRin 

[0 0 d 1 1 

[o 0 0 2] 



L-CJl. IPS ( I n - P 1 a n 

e Switching)^- Vt-mfhh.^. Wi^CO 

K (#ll¥7- 1 2 0 7 2 8^<i5i^) ^ ^[EgEr^bfcN 

^p7-2 8 0 6 8^^^) . *5<tt/. AM- LCD' 9 

6. p. 185 (1996) ^c:^7J^$n/c. NpM?^f0 

[0 0 0 3] 

1212 2Rnm2 3(C^-r J: ^^^0-^/^2 0 1^ 

mA.xmnf:L±<M^^(^^MU^2 0 2 tTM^^(7:^W 
tt2 0 3 i:^z:*5J-r^lft;^f^xom»:^#14/i»^ 

M^^fcofco i-^^ct^^-b. SI 2 2 (a) \:iff^-r^^^J:. 

mn^^B-r^f^ib(Dm^0'^M:iW'n^j:i^^>W'm2 o 4 

:^fp](^Tii3felgCOBSllXtt2 0 3 (4>-0° t-r^) fi^h 

^- K«-B8^f>-f*^bxill2 s^ZTjk-t^ms 0 

it. /^ib\ 0 2 3(C*3tt6fti8ft3 0 2|i. *:^P^iC^^V^ 

^-f'-<< fj: stitch (DX^^ . 
[0 0 0 5] 

z t6{c:?^iofc;^ro](^S5T^^n X, ny» n z UiW 
zl-il^^g^fB-tryix^ffiOfij^lw^q^^trXfet). ^ttx. yli 

z< (nx + ny) /2. nx>nyX-fct). 
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[0 0 0 6] mm-^<oM^mtmw.m^B'^^^tcori\ 
[0 0 0 7] tt\m{iLmmmmm^r-^ti^'tiz,^(Dim 
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OiSfe^S^^b^^-f jOMcMMbXl/^^o l§I3lljffiS(OSa[Sl^ 

<sJs^T^t§R^^^^i"o c^rDla3l;li3l^x. 5 2if^T 

5 2 2|l±Sffi> 5 2 3JiK^-rVA. 5 2 4 1^ 

cojffijff^m;^i4^^i-aifi^^1f Rf4^. 5 2 6 II K^-r V 
m\^mt N p mm^Bxmf&^ti^m^mTf^mm^^^^x 

[0019] JeJL±tw^3V^XIft^ b i^W^(r>:^ 
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»xy^3^S^f^*!b^o ^4tc*3V^X. 10 1 «:T<13t 
tg. 1 0 2 llJifi7fe«. 1 0 3 liTfiffiMffi^^^. 1 
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[0 0 2 2] 3El:i. J^^(DJ:9{-s g! 5 6(^^1" J: 5 
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(dfJlffi*S^M«lS^<^i?:*) «rOnm~280nm 
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lt««?sjtc:ov^X£JlTt-lft§^-r6o 

[00 3 7] *it^^j 1 XII. njs^iij 1 mm\c. m 4 
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df=50Aini^ df (nx — ny) =Onm. d 

f { (nx + ny) y2-nz} =130nm,b LfCo 

50 (00 3 8] (181^, ziDm^BrnTf^mm^MMMi tm 
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[0 04 6] ^ZX\ :^MMM2Xn. d f { (n X + 
n y ) / 2 - n z } (OU. d f { n x - n y ) (OM. R 

T. ^>irm±^^mt^'^^^tx:^^m(D<^Mmm^ 

nSSSIS^^a^ofCo *^i6«^J 2 Xfi. nx. 

ny. n z-r'<xo^ii[^5S^Jreffits^:7.r/^^&^v^6 50 
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HI 1 0 pic. nx = ny>nz (Dm 1 

<D>(4teM>'>f /^-^^> n x>n y = n z<^||2C0tt1=@^ 

[0 0 4 7] ISll OI:i:b^V^X. Al 0 1 flTM^fe 

A 1 0 2 n±m^^. A 1 0 3 1 (oTim^y 

^fVM. (nx = ny>nz) . A 1 0 4 1 (0±^4:+i 
^y^fVJ^ (nx = ny>nz) > A10 5«f5 2<75T 
it^^y^^^^ (nx>ny = nz) . A 1 0 6 fl^ 2 
(D±{<Lnmy^^^^ (nx>ny = nz) . A107Ji 
^Sa-fe/l'. A 1 0 8 f^Tffl)tffi<^KiR«l. A 1 0 9 
d^fficop^iiXlA. All 0(i^2t7)Tffite^:7^/wixA 

1 0 5(;)xtt. All inm2(D±iiLmmy^^^^Ai 

0 6C0xWX*)6o 

[0 0 4 8] c::r% &ffiSI««9R^S:fflVNfc(7)«:. 

( b ) m^(DitLnmy ^ 

mihii^xoxi,:^^m(o^0i3kmmx^^zt ^^-r/c 

[0049] [df(nx-nz)} CO^^b] (H 1 0 (D 

J: p?'cfga®{::*3V^X (mu. ^ 2 co{iffiM7 ^' /vix A 1 
0 5. A 1 0 6llffilt)PfeV>fci^ffiX) . nx = ny>n 
z/^Si?$df<OSlO>fiffi^7^yV^AOdf (nx-n 
z ) ti:^ 2 0 n m-- 4 0 0 n m^X^^b^-fr. #4i?)*fS3 

V^X. 0 = 5 0° . 4>=0° . 45° . 9 0° . 135 
° . 1 8 0° . 2 2 5° . 2 7 0° ^UX3 15° Xfe 

So 

[0 0 5 0] mi Hi. a'J^^)^:^^^"t"®XfcSo 
[0 0 5 1] coiai 1 {-J:t)M«^tt6<t 4) = 
0° . 9 0". 18 0" Xt/2 7 0" Xli. df (n X 
-nz) ffilCj:b-f. m^-'^(D@,n^j:=^l^h^:^hi& 
^^LXV^So <I> = 4 5° . 1 3 5° . 2 2 5° 

^U^3 1 5° X(l. df (n X -n z) (Olit;6M5l^ 1 4 

0 nm<7)ttlc*;k:co=i>' hv;^ h;55#^nfCo f^. El 

1 1 ^15SiiffiieJL^Xt>. 2 0nm<d 
f (nx-nz) < 2 5 0 nm(D^mX\'t=^l^hy:^b 
\^±(D^S}Mii^^^. 3ej-9 0nm<df (nx-nz) 
< 1 9 0 nm(DmmXit.^<D^^^^^mXh^fc. 

[0 0 5 2] {iL^mm^m'f'(DV 

v-3>'ffl {df (nx-n z) } ««$nS«&-fe 

/PCOd Lc * (ir/i-i^d LC<^. ffiV^fc^S^0<OA n 
(-1 n e - n o | ) t (Om) ^^nUX^WtT 

-<^X&5o ;*:|IJ£^J2Xt>^<^%;t^KISI-rSc 

^E^?lJ2xfflv^fcl^sa (p^/i-^^tKM j 95955) coa 

nfiffi:f2tO. 0 7 7. -fe:/H?:{i4. 5 /x mXfc 6 > 
?SS"i^>'^^<^d LC • -^"'^2 ^ ^ ^^oX. 
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— v-g^/ffi {=df(nx-nz)} ;6^?Sfpir/WcO d lc 

[0 0 5 3] :^mmm 2 xn. ffiiB^Mwm^^^s^'t 

^■T-cDy ^T^-v^a ^m. {df (n X - n z) } id^^gfe 
V^^:*;55#f5tL6cD|^5 0%~ 1 1 0%(OrB^-^fcD. ft 

[0 0 54] ^MMm 2 xn. itLnMWinm^co^^ ^ 

[0055] [(df(nx-~ny) <7)^^b] ^fetC. m 
10(D^mX\ n X > n y =n z /^^^^ d fCO|g2<7) 
ffi*iM^>f /^-fc^'^df (nx-ny) ffi^0nm~50 

mi t^-'<Dm'^^xM&i^t^o ffib. mi(r>^nmy 

^/VM.n, df(nx-nz) =140nmi: Ufco 

0 = 5 0° . ^>=0'' . 4 5*^ . 9 0" . 13 6'. 1 
8 0" . 2 2 5" . 2 7 0*" ^LTSIS" "CfeSo 
[0056] HI 2ti. -?:(DaiJ^<^JlS;^^^-MaT**> 
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0° . 9 0". 18 0" RX/2 7 0" "Cfi. df (n x 
-ny) fflt::J:»b-f> m^—'^(DB:itftS:='>hy^bU 
T^i^ibtlXy^^^o -:^> ^ = 4 5" . 1 3 5" . 2 2 5 
" ^^t/3 1 5" -e«. df (nx-ny) Offi;5S«i(^2 
2. 5 nmc^i:#l;ift:^«7)=i>' h^;^ h;d5#e>n^Co 
fSi, lai 2{C^L7tii!9. ftiHe2 2. 5 n mJl^^X* 
tj. 2. 5 nm< df (n x-ny) <45nmOO®H-C 
hrpl±<^S!)J&>5^fct). M(-10nm<df 

(nx-ny) <35n m(Di&mxn^(O^^^^M^X 
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m (df (nx-ny) } fflfS^tiSfS^Bir/K^ d 
Lc-Anffi (C^D^ffit^Jc^^i'&x dLC-An = 34 7 n 

m) \cMi-^ni^mxm^'r^>. 
[0 0 5 9] :^mm(D^^r^'^hH^^mn^ {iw^M 

iJ'x — v^3 {df (nx-ny) } ^^^g 
^iryKDdLc- Anffl:t7)0%'-'1 3%<^Fb1-C*j!9, S^L 
V ^^:*;ei5:^ ^ti^<D\'± 2 1 0 %<Dmxh «9 . ft::*^o 

[006 0] [±T<4ffl^MfI^T-(^ X M (®rtT-ft:^ 
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^ffi«^^cox$A^s^i:^bTv^/^^t^^^. ft^MMfS^ 

[0 0 6 1 ] [^i^^M«^^cOSEg. xtt^«7fe«C0 
10 -fe/v.o±Tt-fiBaufcfir*iMffl«*^<7)xtt (ft::»cJBSf 

[0 0 6 2] df (nx-nz) =140 

nm. n y =n x(D*^^«7t-rffiftM:7^/PA (^ 1 

(DiiL^^y^/l^J^) df (nx-ny) =22. 5 

nm. n z=ny(D^i^^mti't{^L^^':7^jVM. (^2 

(Di^Lnmy ^ ^^^) mi o(Dj^^\zmmL. ±tiw 

20 gau^^2co^ilSM:7>r/v^i^(^^x$6 {m^X(DMc:km 
^ >rv A CO X $4 <h ft P^o{i3ttgco^J(5i$S (Df^-T^ 

ma mis^m) ^mnm^xDm^^JEti^x. o" 

<a< 1 8 0" (D^mX^it^^^. ^lsb:^\^(D^> h7 

^«):^r6ii:«mi^^Sr^ai>fcBI2 2«r*5V^T. 0 

= 50" . ^> = 0" . 4 5° . 90' . 13 5" . 18 
0" . 2 2 5° , 2 7 0" -eLr3 15" X*fe5c 

[00 6 3] ID 1 4 fl. m'^f^M^^'tmxih^o 

30 [0 0 6 4] Z.(Dmi 4\:i^i>Wr^\a-±. <I>==0*' . 9 
0" . 18 0" &t/2 7 0" 110 = 0° . 90" . 18 
0" (D3.^XM::km^t^tK 0 = 4 5" . 13 5" . 
2 2 5" &t/3 15" Jla = 9 0" <O^X\ EP^bfiCffi^ 

X(D^Mc:kU^tho 

[0 0 6 5] tJ^oT. :^mn<o^^^%:mizm\^"^^tiisb 
a = 9o' . m'h&n^mmm^(Dm^x(Dm^ 

JSfff^^^-t-ttn X ^. ^ixtCftilg^O{i3fetg<?5P^I|Xtt 
^;5m3^"r5^#-efc-5o */c. Hl4lc:J:ntf. 4 5 
40 " <a<13 5'' (Dt^. gp 1 3tria*^PJoamO# 
tL-6gEe7i»^f5^f+lE]«9Z^r/M^ft[Hl"9 IC4 5" -fixfc:^ 

6 7" <a<i 13" <Dt^. mhm^:^mm(om:ki» 

^(D'^hH^mmf)^h^n^\Bl Rrj^^nmV\z 2 3" 

[0 0 6 6] mmm i . 2 x-n. ?sa^^^- Ki: lx 

50 iPfsr/jt-S^:^^- K^fflv^fc^$S-fc/^-et J:v\ 
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[0 0 6 7] (mmms) ±)^Lti^mmi. 2x*nm 

[0 0 6 8] 3 <Dm^Bm7ikmm(om^ij. m 4 
10 0 6 9] m^ij^^s^-feywi. :^mmm^n<Di^mL 

[0 0 7 0] mm<om6^^m\^^£^^h. ^mmm(Dm 

[0 0 7 1 ] ^ffi(cS0^mS6 3 (ITO=^i?10 0 

nm) r-mf^^tltimme 2±{Z^ m^^^^])^^ 

ms fimCDdhUe 6^^f^\^f:Lo ^§15 6 6 -C^ffl^H-S 
Bn'bi^m^iS'?^:^^^*^ 1 0 OMmD^J: Ufc, m 

[0 0 7 2] :i(DXo\zwmi.f:imm^. t5>-;^os 

[007 3] f^®! LAc^^^ir/Wtftw. ^fe^ik^lgjiii i: L 
TR-6 8 4 (B:$:^t:IEM) 0. Is^^m^^Mmt 

MS 9 08 4 7 (7«/W^1±®[ : S 8 1 1 ^0. 4fiS% 

iS^) 3 . 7 4 g RtJ^mit^m Irgacure651 
^ 0 . 0 2 5 g iS^ LiTc^'&i^^Sr^A Lfc^ 
[0 0 74] ^<r>^. ^S^ir/P^, fK^<Z)3l^;SMjS£Jl 

±(D 1 1 ox:{znmi.. immi^^i^tz. ^ct)^, o. 

?SfBir/Kw^2. 5 V r m s (^)^Ji^JS^^jj^e<];c^n 

^^m%:mML^mt^mmR-e s 4^is^b^^-5c 
[0 0 7 5] z(om&ir/u\z^ nnmi^mzx^f^mi^ 

fc.)¥$df=50Mm. df(nx-ny) = 25n 
m. { (nx + ny) /2-nz} =130nm(r) 
fi*e^««^^<b L-CC0ffi*SM:7^/^i. 1 0 3. 104 
^llI4<0«llrgEBuyS:o ^(^^flJJcM^ffi 1 0 

[0 0 7 6] :^mmm s t^^rs^^jggsr, 

(tte) S!(?5>fe^«rf*ai^S§LCD5 0 0 0^fflV>X. ig 
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(^m»^#tt^aij:£L. ol^T*igftmiEv o f f = 2. 

[0 0 7 7] 1^1 5 tl. ^(om^i:i> t\Z=i h 9 :^ h 

1 0 0 7 8 J (itfe^i^j 3 ) :^^m(Dmmm 3 tc^ijc-r^ 
10 [00 7 9] 3 xn. mmm 3 iri^^ic, 04 

fe^j3XffiV>/cffiffiMSJi. i?*df=50Mm. d 
f (nx — ny) =Onm, df{ (nx + ny) /2 — 

nz} =130nm<?r LfCo 

[00 8 0] HI 1 6 11. :i(Dm&m7jkmm^mmm 1 1 

h • =^>^-^m^7jk-rmx^^^ 

[0 0 8 1 ] at^m 4 ) ::^^mo)mmm 3 {zMft^-r^ 

20 [00 8 2] *:lt««»|4X«:. IIJfi««3t|^«tC. 04 

«^j4xti. im^mmm'T'^m\^^x\^f£\^\ 
[008 3] HI 1 7 :i(om&m7f:mm^^mm 1 1 

h • =^>^-^m%:^'tmx:h^. 
[0 0 8 4] ±^Lfcl^l 5. ISIl 6RX/mi 7 ^Jtfe 
-rtl^. O=0" . 9 0° ,18 0" RU52 7 0'* Xtt 

6 0' t^—(Dm^^\^X\^^^, L^^L^.C;6S^. <I>= 1 
30 3 5" , 3 15" X(D=^>' h^:^ h 5(D^::i> b 

' =^i^^—^^^n. )±.^W4(Dmi Txnwif^d = 3 8 

° > it«^j3(Oiai 6X(l«[:^0 =4 8" Xfc-5<?3iwlt 
LT. I^JS0»J3O01 5T'««l*ae = 5 5" XfcSo 
[0 0 8 5] i^_L^^i^^^. Ite^^j3. 4ST^IIi£« 
3 Til. «> = 0° . 9 0° . 18 0° RXJ^2 7 0° X(0 

3 5° . 3 15° xn]t&m4(Dm&m^mm<ommn 

40 ^±\Z^m\^. 0=135". 315" (D^m^^^i^i: 
O = 0° . 90" . 180" St/ 2 7 0" l5{^^LV^m 

std&^L/co mh. mMmsxnm^^i^\z^:^&(o 

[0 0 8 6] :^mmwxn{^Lmmmmm^^ 2^(D{m 
my ^ /i^j>^{zXoxmf^Lfz^K m^^(7)y^/i^M.h^ 

[0 0 8 7] (^ja«4) <tr^T\ ^^Ltimmms 

Xfl. df{nx — ny) =25nm, df { (nx + n 
y) /2 - n z } =13 0 nmf£^ 2tt(Z)ffi*i^7 >r 
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[0 0 8 8] ^ZX\ :^mmm4Xn. df I (nx + 
n y ) / 2 - n z } (DU. df ( n x - n y ) <DU^ R 

T^^^a^ici^^bs^^w^ x:^^m (o^Mi^^mm s ti 

n y. n z ^)fi5[4B^:7 /VA^:^ V^ 

nx>n y = n 7(7)^2(^^4+9^:7 ^yl^i^^^, jg| 

1 ocoj: 5l-*a-^-g-^i::^d4te^««^^^g£BLfCo IE 

[0 0 8 9] cin-e. c:coffiffi||««iS^^^v>fcco 
fl. ^Tc0 2o(DS^«::J:6o 

(b) mmcoiiLnmy ^ ^^^^m^^f^^tcitLmmmm 

[0090] [df(nx-nz) ^D^^U IDl Ocoj: 
9/.?i£Bt-*3^^X. n X = n y > n z /.^-Si^^ d f(0{i 
>< /l-ixCO d f ( n X — n z ) 2 0 n m~ 4 0 

mmi tm-(Dm^Mxm^\^fzo c::x\ MM^t 

0" . 45°. 9 0°. 13 5'. 180°. 225 

. 2 7 0° ^UT3 1 5° Xh^o 

[0 0 9 1] 121 1 8 fi. m^(D'i^M^^-rmxhi>o 

[0 0 9 2] mi StCiai^T. 0=0° . 9 0° . 1 8 
0° ^t/2 7 0° Xndf (nx-nz) ffi|Cj:e>-fl5 

= 4 5°. 13 5°. 2 2 5° -5: LX 3 1 5° Xfldf 

(nx-nz) j|£ l 5 0 n m(^ <h ^ (C*:^(^ 

h^;^ h;6S#e>n/c„ El 1 8 (w^ L/cii t) . mflE 
ftiittJ^^Xtj 2 0 nm< df (nx-nz) <3 0 0 
nm(Dmmxn='l^h'7:^hlH±(r)i0}M^>h^. Ml- 7 
0 nm< d f (n X -n z) < 2 3 0 n mCO jSaXli-^ 

[0 0 9 3] m^(r>X 0 ffitBll««*^<Z) V^y"- 
v^3 ^/-lit {df (n x-n z) } f^. ««^tt5?l^^-ir 
yK7)dLc • AnfiiL (-ty^j? d lc<^ ^ ffiV^;t?g^C7)A n 

(= t n e - n o I ) <i:<7)a) lw>it-r6ffi^1ttX»^-r 

^?iJXfflV^fcfSfB (p'/i'iJ^aiiMS 9 O 8 4 7) (^And 
atao. 0 9 6. iryHi:ti4. 5 /x niXfcS;5>P>»fB-fe 
/K^dLc • An«:4 3 2 nmXfeStSoX. :*:3i^coS!l 

*;iq#f.n5«Qiaw4tB^Mfi^^(7:)y ^-r-c/a vit 

(df (nx-nz) } ^^^g^^-feyKO d • A n ffl[<Z:) 5 

%-6 9%t??raxfct). mv^^iSiMtimhtii>(om e 
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%-5 4%T^'9. m:k(DmM:AmnX^^<DnWLi^3 
5%C0S^Xfc^o 

[00 94] :^mmmxn. immmmm^f-^m^^/i^ 
fiSTi5<D«"ffiSr#>Jrss2fg-rtLi^cfcv\ t^tox. ^mm 

{=df (nx-nz) } ^^^^&±/l^<D diQ - An 

M^oi oyo-i 3 8%<^)Ppix$)t). mi^\^^^M:^m^ti 
^(Dits 2%-'i 0 sVoiDf^x^y). m^(Di0}^^m'^ 

10 X#-5(^««*a7 0%<h/.c5o 

[0 0 9 5] [df (nx-ny) CO^fb] »:{d. Ell 
0 (D&mX\ nx>ny = nz ?k-5®$ d f(0^4fflM:7 
-<yWii.A 1 0 5^U^A 1 0 6<^df (nx-ny) 

3 nm~5 0 nm^X^iL^ii:. ^ fSi cO ::3 V h ^ ^ 

hi\^^mmmi tm-com^T^xm^Ltc. mu. 

fflH^-r/^i^^A 1 0 3 ^ A 1 0 411. df (nx-n 
z) =15 0nmo CCX. ^i^):^!^ c^: fimi?^ 
L}/t(g|2 2^d^5V^X. e = 5 0° . 4)=0° , 4 5° . 
9 0°. 13 5°. 180°. 225°. 27 0° 
20 X3 1 5° Xfc5o 

[ 0 0 9 6 ] HI 1 9 m^(r>mM^7f:'rmxh^. 

[0 0 9 7] mi 9tc:j;n*^. <I> = 0° . 9 0°. 18 
0° Rt/2 70° X«df (nx-ny) ffitr J: e>i*»a 
\^-^(D^tf!-fj:=i>hy:^hmmhtiX\^^^^ — 
0 = 4 5° . 13 5°. 2 2 5° RtlS 1 5° X«. «^ 
= 4 5°. 2 2 5° <!:0= 1 3 5° . 3 15° X*ift::»C 
^> h^;^ df (nx-ny) m.\Z:k^ ^Jt^. 

t^^^o U;6^L. df (nx-ny) ^(OmiUzn^^ 

\ztS:ofzt^ (rixt^fc;*:J^B^(7)$^m<^-oXfc-5) 

xt>^>' h^;^ hte:>^6oa;^;55-h^ic#e>nxv>^, C 

(Z^irtOdf (nx-ny) (Offifl 2 4 n mXfe 19 . c: 
(0^^;^5:^PJ(7)a:^;ei5ft:;k:Xfcofco /^*5. El 1 9 
Ufcii!9. &iiffl2 4 nxni^i^Xh 3 nm< df (n x 
- ny) < 4 8 n m(Ommx\t:^^m<r>^^t^^ *) . M 
{:::. 12nm<df(nx — ny) < 3 6 n m<0^fflXll 
•?:(^)S(l;^25Sil*XfcofCo 

[0 0 9 8] crx. ffitiUMIR^^coy ^x-v^3 

40 ffl {df (n x-n y) } ^. ««$n6^Sir/K^)d 
Lc'Anffl (C(?5^J(0#'^(7:>dLc • An = 4 3 2 nm) 

m\tm^mm^m^<r> v ^y'-i^B^-m { d f (n x - 

ny) } tm^Bir/U<DdiQ' Anm(DO%--l 2%<Dm 
Xh t) . m LV^am;d^*#^tl60|l 2 9 %cDr^^X^ 

19. S:*:<^?a:^;55SS#X#-6(DJl«l*a5. 5%(7)^>§^x 

[0 0 9 9] ^±ri^E^^mmm^<D x $a (®(^x*:^^ 

50 T«-gEfiL7tffiffl||««^T-a:). xttfiaifatK^^^^x 
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[0 1 0 01 rffi*@MM«*^coEe. xitt^«*«[<7) 

[0101] df (nz-nx) =150 

nm, n y=^n x(D^{^^mtci-{^L^my ^ ^^J^t. d 
f (nx — ny) = 24nm, n z = n y 

(Igll3#08J ^^tt[H]«9c^tBlte>SriE«b LT. 0° 

>!):^f^<^J^miP:^^^SLfc[2l2 2icioV^T. 0 = 5 0 
° . 4>=0° . 45° . 90° . 13 5° . 18 0° . 
2 2 5° , 2 7 0° ^LT3 15° "Cfc-So 
[0 10 2] 1^2 Ott. »J^ii5S^^^-ri3T-fc-6o 
[0 10 3] 1112 0ic:i:tif^. 1^X(D^\z.i^\^xm±(^ 

m.x<ot^x^^^ '^^x. 

-5/cft?)tc«a = 9 0° , m^&^^m^m^<nm\*%x<o 

tX-^So ^fc. Ill 2 0 J:Hf^. 
4 5° <a<135° <7)<bt. m^^W^^mcO^WzCD 

li. 6 7° <a<113'' (^<^^. iP^fflia:*:M5^<7:)S 

[0104] ±ai LfcHife^BJ 1 --4 m 6 (^«^t^) 

[0105] :^%mmx^mmmz.w^Mmit\^x\^^ 

;ii^^>4 5° mfc:^fSjXt^m^^#tt^5fel^'r6w<hX 
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t 0 1 0 6 ] El 2 1 (d. 2 j^tL 4 3gM5^tfJ(7)3^ 
rtcoy^ U'i5^^-55^;fii(7D-'fi«JSr^i-o (a-1) {125J^ 

S'jgEr^xe^^^tf ^^-a^. (a -2) fi2^gijgaf^]x 

a^^^tr^i^'a^. (b-l) *i 4 5>t'Jg£f^T^^^^ 

rfom^. (b-2) {i4:5i'fijiafS]xi^^^^fT5^ 
-a^. (c ~ 1) ii3fij(^iEr6ix*a^^«rtT5»'a^^ (c- 

10 ^„ ^7t. latfo^^ti, 02 1 (d) Id^-^-J: 5 

[0 10 71 z(Dm2 1 x^mM^ti^xo\^. 
{zmi^r^mt\^x\^^^ (mmmzmi^^mLtc) m^^z 
(1. z(Dm^mt)m^^(Dj!)mmxh^o ^j:^. 1212 ici 
^^^x. »mmL. 3^pu 5^m. e^m. r^wh 

[0 10 8] ^ti. *:^§^;d5^^^- K (^)^»J*&) t;i 
20 J;P>7tv>o|i, I3 2 1<^;&^K t) (a -2) . (b 

-2) . (c-2) \Z7jk{^tzmm:7]k(r>y^ Ui^^—'^:^ 

'fey^/p::^^Rlco:7'^:7r-</^oSv^^;lfilaLXV^'5o ^r:*^ 

[0 10 9] Nn^?^fe^^V>/cS^|Cfi, H^^^tC 
W,H)&^XXfir/\^m(D^^Hj&(0\,^-rtl\Z^\^^Xh) . 

^^:i:$i^gt5^ffi(;i>(tLT^illc:gEr^LTV>^;dS. ± 

XB&^trtwgEfoj-f-^o JlHE(^:7'o:7r>r-/^<^)^iv^«:. c 
<7)gEr^tt®(DjSv^$:m5o ^^^g£f5]ttffi^^iSv^S{aL 

40 ^KS-tyHritRLX. 0 2»Z7j^LfcJatff^^«RflcXft« 
ctt/2(Dj^S^^^g(^^i^:ft#tt*i, ^mm3i3j:XJ^ 

[Olio] :^^m(D^M(D:^wn^ mmyri^mx<o^ 
io [0111] :^mm(ommmx-\tm&m7fimm:<Dm»:^ 
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yC-v ' r h*i^^mm (PALO MpT/^-Si^ib*-^ 
[0 112] 

[me] (a) \t:^^m<om^mm7jkmm\^mm^m^£m 
&±/i^(Dm^m%:7r:'i-mmms (b) ii-eo^^a-c*) 

So 

sir-*) So 

imi 1] y^^m(Dmmm2\z:^ii^^^ =i>'h7;^hit 

<Ddf (nx-nz) HX'^'So 
[mi 21 5(5:^M<7:)|lffifiaj2tc4bMt-6. ^Vh^^^hlt 
(^df (nx-ny) ^^^i^^Tjk-rmXh^, 

[1211 31 *^p>gt^lli£^j2i;:^ov^x. 

imi 4] ^^m(Dmmm2{zisn^. =^^^hy:^bh: 

[0151 *^e^<^ll*«ii3trJ:S«^(0^|fA4#tt^ 
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[mi 6] jtg^*?ij3T(^ms^^i#'^-sr73^-riaTfc'5« 

[017] lt««»j4-e<O^IlP^iRFtt4r:7^-Ml|-CfcSo 

[1^1 8 1 *%P^(7)||Jfe^?ij4l:iioft-5. =^i^\-9:^bit 
(Ddf (nx-nz) fife<?tt^^-rigx-^D-5o 

[01 91 *:%5q(7)||Jfe^j4tC*i»t'5. =i>'h^;^hit 
(Ddf (nx-ny) 4:^-^0 T'fe So 

[02 Ol ;^^0^c;o||M^j4(w:foNt-5. =>'h^;?^hit 
Q 6fe^¥#^^^-r0T'& 6o 

10 [02 11 ^mm<Dm^mff:mm\zmm^ti^m&±j\. 

<^gfifRi *"f^ ^ 0 T -5 o 
[02 2 1 *^mm\:i$in^mmn(o^m^mm't^n^ 

0Tfc6o 

[02 3 1 t^^*cOgef6]:9^frJ(c:J;^j[^:tg^^^:^^^ KT* 

1 0 1 TiM^m 
20 1 0 2 ±{S3t« 



30 



10 2 
10 3 
10 4 
10 5 
10 6 
10 7 
10 8 
$A) 
10 9 

M) 

2 0 1 

2 0 2 

2 0 3 

2 0 4 



40 



2 0 5 («sy#omj8a) 



50 



3 0 1 

3 0 2 

4 0 1 

4 0 2 

5 0 1 
5 0 2 
5 0 3 
«R» 
5 2 1 
5 2 2 
5 2 3 
5 2 4 
5 2 5 

5 2 6 
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A 1 0 1 T{B3t« 

A 1 0 2 ±M^m. 

A10 3 mi(7)T&^my^/^j^ 

A 1 0 4 mi (r>±iiL^my ^ ^^j^ 

A10 5 m2(DTiimmy ^ ^y^J>^ 

A10 6 m2(D±\iL^^y /VM. 

A 1 0 7 fg^B-fer/l- 

A 1 0 8 Tffl*«<^®lRflll 

A 1 0 9 -bfiTfelScOBSiKtt 

Alio m 2 (^T{4fflll:7 ^ /UjUc^ X (g:^@^f^ 



20 



Al 1 1 f[2<D_hffiffi^>^^/^i.(7)xtt (S:^HJf^ 

A 4 0 2 m^Bnmmwi:iEmt^hn.it.tt(DmM^m 

10 A4 0 4 f^^Ba^^e^jE3D;&^^^fc^#0«S'J#« 
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(54) UQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve a view angle 
characteristic by making a value of local refractive index 
anisotropy in a plane parallel to a liquid crystal cell 
surface at a black displaying time smaller than that at a 
vyhite displaying time, making a phase difference 
compensation element show the refractive index 
anisotropy and specifying refractive indexes in the 
directions along respective main axes of an orthogonal 
frame of reference. 

SOLUTION; The phase difference compensation 
elements 103. 104 are provided between polarizing 
plates 101. 102 holding a liquid crystal cell 105 between 
them and arranged in orthogonal Nicol and the liquid 
crystal cell 105. Then, the value of the local refractive 
index anisotropy in the plane parallel to the liquid crystal 
cell 105 surface at the black displaying time is made 
smaller than that at the white displaying time. Further, 
the phase difference compensation elements 103, 104 
show the refractive index anisotropy, and when the 
refractive indexes along respective main axes of the orthogonal frame of reference are defined 
nx>nz. and the main axis (z) is paralleled to the normal of the liquid crystal cell surface, and the 
main axes (x), Cy) exist in the plane parallel to the liquid crystal cell surface, nz<(nx+ny)/2. and 
nx>ny. Thus, the deterioration in the view angle characteristic due to deviation from absorption 
axes is prevented, and an axial symmetry characteristic is obtained. 
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